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REMARKS 

By this amendment, independent claims 1 , 3, 5, and 7 are amended and claim 13 
is canceled to place this application in condition for allowance. Currently, claims 1-12, 
and 14 are before the Examiner for consideration on their merits. 

Claim 13 has been canceled since it is redundant in light of the limitations found 
in claim 5. 

This response makes two points. The first is that the claims as now presented 
are supported by the specification, and the presence of the new claim limitation, the 
comparative showing in the specification, and the newly submitted article to Ryuta 
overcomes the rejection based on Tamatsuka. 

The second point is that the article to Matsushita shows that an annealed 
structure akin to Tamatsuka does not produce a wafer with reduced COP levels below 
the surface, and such a structure is not the same as that claimed which, by the 
Examples of the specification, is such that the COP levels are low even in the face of 
repeated cleanings. More detailed arguments are presented below on each of these 
points. 

This Amendment and RCE filing is also being made after numerous telephone 
discussions with the Examiner concerning the outstanding rejection. 

To recap, the Examiner has cited the Tamatsuka reference to allege that this 
patent teaches a wafer having the same surface density of particles. It is also believed 
that there is no dispute that Tamatsuka teaches an annealing procedure to obtain a 
certain level of surface density of particles, and this contrasts with Applicants' 
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employment of a completely different process to obtain a wafer with the claimed level of 
surface density of particles. 

That is, Applicants exercise control over the single crystal growing process in 
terms of time held at temperatures. This can be found in the specification on at least 
page 6 of the application. The criticality of the control is also shown in the comparative 
demonstration with the results shown in Figure 3 and Table 1 . Therein, it is 
demonstrated that when the time and temperature control parameters are met, a 
surface particle density is obtained that is vastly improved over wafers that are not 
subject to this control. 

To emphasize the unexpected performance of the wafers subjected to the control 
mentioned above, submitted herewith is an article entitled "CrystaNOriginated 
Singularities on Si Wafer Surface after SC 1 Cleaning", and authored by Ryuta et al. 
(Ryuta). The gist of this article is the discovery that a new type of singularity or COP on 
silicon wafer surfaces has been discovered, and these singularities are formed as a 
result of SC 1 cleaning. The COPs are believed to originate from defects in the melt 
grown silicon crystals, see the last paragraph of Ryuta. The Examiner's attention is 
directed to Figure 3 of Ryuta. This figure clearly shows that the number of particles 
increases with repeated cleanings, and it is this problem that the present invention 
seeks to solve. 

As evidenced by the comparative showing in the specification, Applicants have 
solved this problem by the aforementioned control, and this solution is deserving of 
patent protection. The results shown in the specification are totally unexpected in light 
of the teachings of Tamatsuka. As previously argued, there is no suggestion 
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whatsoever in Tamatsuka that a sliced or sliced and cleaned wafer could be produced 
with the claimed levels of particle density by control of the growing process. 

Another issue raised by the Examiner is whether support exists for the proposed 
amendment that the surface density occurs in a wafer in a non-annealed condition. In 
this regard, the Examiner's attention is directed to lines 4-6 of the Abstract, page 4, lines 
18-22, page 10, the last two lines, and page 12, lines 16-20. In each of these sections, 
the inventive wafer is described in terms of a grown single crystal silicon wafer that is 
sliced after growing. 

In order for Applicant to be able to add the proposed limitation to the independent 
claims, the description must clearly allow persons of ordinary skill in the art to recognize 
that the Applicants invented what is claimed." In re Gostell, 1 0 USPQ2d 1614, 1618 
(Fed. Cir. 1989). Put another way, "the applicant must . . . convey with reasonable 
clarity to those skilled in the art that, as of the filing date sought, he or she was in 
possession of the invention." Vas-Cath v. Mahurkar, 1 9 USPQ2d 1111,1117. (Fed. 
Cir. 1991). How close the original description must come to comply with the description 
requirement of section 112 must be determined on a case-by-case basis. Eiselstein v. 
Frank, 34 USPQ2d 1467, 1470 (Fed. Cir. 1995). 

It is respectfully submitted that one of skill in the art when reading the 
specification would readily understand that the inventive wafer in question, one that is 
already defined as having a sliced or sliced and cleaned surface is not an annealed 
wafer. There is no mention of annealing nor does annealing have anything to do with 
the advancement discovered by the inventors. Therefore, it is respectfully submitted 
that when applying the tests outlined above, the only reasonable conclusion is that the 
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claimed wafer can be defined having the particle density present in a non-annealed 
condition. 

The Examiner should also realize that the present claim limitation does not say 
that the wafer cannot be annealed. It is only stating that the particle density value set 
forth in the claims exists in a non-annealed condition, and this is totally consistent with 
the original disclosure. Again, the claims do not state that no annealing takes place, 
just that the measured density occurs after slicing or slicing and cleaning, and without 
any annealing. 

Having made the argument that the amendment to the claims is supported by the 
original disclosure, Applicants now contend that such claims are patentably 
distinguishable from the annealed wafer of Tamatsuka. As previously argued, the 
comparative evidence of the specification demonstrates that only through particular 
control of temperature and time can one obtain the claimed density levels of the non- 
annealed wafer. What this means is that the Examiner cannot contend that the pre- 
annealed wafer of Tamatsuka can contain the claimed surface density of particles 
because Tamatsuka does not teach the specific control of temperature and time during 
the single crystal growing process as is used to produce the claimed wafer. 

Lacking a basis to conclude that Tamatsuka anticipates the claimed wafer, the 
Examiner is only left with somehow alleging that the claimed wafer is obvious in light of 
the teachings of Tamatsuka. However, there is no factual support for such a position. 
To make such an assertion without support is hindsight. 

Even if such a position were put forth, the evidence in the specification 
demonstrates the criticality of the control of temperature and time during the growing 
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process, and this would effectively rebut any allegation made by the Examiner in this 
regard. 

To summarize, the revisions to the independent claims preclude the Examiner 
from relying on Tamatsuka under 35 U.S.C. § 102(b). Moreover, there is no basis to 
make an obviousness rejection, and even if one were proffered, it would be rebutted by 
the showing set forth in the specification. 

To further substantiate the patentability of the claims at hand, submitted herewith 
is another article take from Vol. 1 of the Proceeding of the Eighth International 
Symposium on Silicon Materials Science and Technology, entitled "Hydrogen Anneal of 
Silicon Wafer Formation of High Quality Device Active Layer" by Matsushita et al. 
(Matsushita). 

The Examiner's attention is particularly directed to Figure 13 and page 686, lines 
13-17. What this Figure shows is two things. First, the hydrogen annealed wafer (HI) is 
superior to a CZ wafer in terms of COP density. That is, the COP density for HI is 
significantly lowered as compared to the COP density of the CZ wafer. This is believed 
to be consistent with the teachings of Tamatsuka, wherein the annealing process is 
employed to improve wafer quality. 

As importantly though, Figure 13 also shows that the HI process is still not 
effective in removing COP that are spaced from the surface of the wafer. For example, 
while H1 1 , which is designated by the symbol □, shows virtually no COPs at the 
surface, significant numbers remain at depths of less than 2 microns. 

This article is consistent with Applicants' previous arguments that the structure of 
the annealed wafer of Tamatsuka is not the same as that is claimed, What Figure 13 
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shows is that the COP density, while low at the surface of an annealed wafer, increases 
greatly, and repeated cleanings would result in a increased number of particles on the 
cleaned surface. Matsushita confirms independently that an annealed wafer such as 
Tamatsuka's does not have the same structure as a CZ wafer or a CZ wafer that is 
subjected to Applicants' process. If one were to speculate as to how the Applicants' 
wafer would look in Figure 13 of Matsushita, it would be a flat line at low COP density, the 
flatness indicating that the COP density in the body of the wafer is low throughout, such 
that the measured particle density after repeated cleanings remains low. 

The stance that the wafer of Tamatsuka is not the same as that claimed is 
independent of whether the amendment regarding the non-annealed condition is 
present or not. Referring again to the Ryuta article, page L1949, col. 1, the paragraph 
beginning on line 5, the SC 1 cleaning results in removal of a very thin surface layer. 
Therefore, the annealed wafer of Matsushita and Tamatsuka would exhibit Increased 
surface particle density after repeated cleanings. This phenomenon does not occur with 
the claimed wafer as is shown in Table 1 and Figure 3 of the specification. Therein, the 
wafers processed according to the invention show a particle density of less than 15 
counts/cm 2 after 6 cleanings. Example 1 and Figure 3 show that counts/cm 2 are less 
than 1 after three cleanings. To reiterate, it is submitted that even if the Examiner were 
to reject the claims under 35 US.C. § 1 12, first paragraph, as containing new matter, 
the claims without this objectionable limitation are still patentably distinct over 
Tamatsuka on the grounds that the annealed wafer of this patent is not the same as the 
sliced and or sliced and cleaned wafer of the invention. 
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To summarize, Applicants contend that the rejection based on Tamatsuka should 
be withdrawn in the face of the amendments to claims 1 . 3, 5, and 7, the article to 
Ryuta, and the showing in the specification, or be withdrawn even without the 
amendments to the claims in the face of the Matsushita article and its teachings that an 
annealed wafer has a different structure than the claimed sliced or sliced and cleaned 
wafer of the claims. 

Accordingly, the Examiner is respectfully requested to examine this application In 
light of this amendment, and promptly pass claims 1-12, and 14 onto issuance. 

If the Examiner believes that a further interview with Applicants' attorney would 
help expedite prosecution of this application, the Examiner is invited to telephone the 
undersigned at 202-835-1753. 

The above constitutes a complete response to all issues raised in the 
outstanding Office Action of March 15, 2005. 

Again, reconsideration and allowance of this application is respectfully requested. 

Please charge any fee deficiency or credit any overpayment to Deposit Account 
No. 50-1088. 

Respectfully submitted, 
;i_ARl£& BRODY 




Jhristopher'W. Brody 
Reg. No. 33,613 




Customer No. 22902 
1090 Vermont Ave. NW 
Suite 250 

Washington, DC 20005 
Telephone: 202-835-1 1 1 1 
Docket No.: 12054-0018 
Date: September 15, 2005 



13 



PAGE 1H28 * RCVD AT 9/15/2005 1 :49:31 PM [Eastern Dayfight Time] * SVR:USPTO-EFXRF-6/32 * DNIS:2738300 * CSID:2028351755 * DURATION (mm-ss):08-20 



■SEP- 15-2005 13:50 



CLRRK & BRODY 



2028351755 P. 17 



Japanese Journal of Amifiu FhysiCS 

VOL- 29. Nil. 11. NDVMt. »^0. PP. L 1947-L |M9 



Crysutl-Originaied Singularities on Si Wafer Surface 
after SCI Cleaning 
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Since the particles on Si wafers degrade the LSI perfor- 
mance, many efforts have been made to reduce the 
number of particles. The minimum size of d£ pamc es to 
be eliminated has been related to the Unewidth of the LSI 
devices. Particles larger than 0.1 M m may degrade the 
yield of half-micron devices. It has been supposed that 
the particles counted by widely used laser particle 
"outers arc dust on the wafers. Therefore, the clean. o B 
process of wafers has been studied mainly to find ways to 
remove the particles. The SCI cleaning," cleaning by 
Nt^OH/HiOi/HiO solution, is known to be effective in 
reducing of the amount of dust. In this paper, it is 
clarified for the first time that most of the small particles 
are not dust on the wafers but pits formed during the 
SCI cleaning.' U is suggested that such pus originate 
from some defect in the Si crystals. 

Polished (100) Si wafers. 6 inches in diameter and F- 
type 10 Q ■ cm were used id the present experiments. The 
wafers were cut from Czochralski (CZ) crystals with the 
oxyen level or 1.0* 10" atoms/ cm— unless otherwise 
noted. After SCI cleaning and rinsing by deion.zed 
water, the particles were counted by a laser particle 
counter, Topcon WM3. The composuion of the SCI 
cleaning solution used in this study «• 
NH*H:Hrf*H»0-l:l:S. and t he cleamng temperatu e 
and time were 90"C and 20 mm respectively. In Fig- 1, 
the average number of the particles for a batch (25 
wafers) of SCI cleaning ia shown. Wafers were cleaned 
repeatedly and the average number of the particles was 
plotted against the number of cleaning cycles. Merc, the 
number of the particles Is shown for each range of parti- 
cle size: small size S(0.20-0.25 ,un). medium size M(0.25- 
0.30 ,m) and large size L(larger than 0.30 M m>. » U im- 
portant to note that the number of prudes ; increases 
with the number of cleaning cycles. The number of the 
small-size particles increases from the initial stage of the 
relate d cleaning, whereas the numbers of the m edmm- 

•tn rhis'paper. the «rm "particle" Is mid 16 signify the gladly 
detected by panicle counters although h include) pin besides real par- 

-The' oxygen 'concentrations in this siudy were buni on the convey 
jion coefficient of 1R measurement. 3.0* 10 ■ atoms/cm . 



and large-size panicles increase afterwards. 

NH.OH in the SCI cleaning solution etches off the sur- 
face of Si wafer and may increase the roughness of the 
surface. Therefore such an increase in the number of the 
particles may be caused by the increase in the micro 
roughness of the wafer surface after SCI cleaning. 
However, evaluation of the mlcroroughne* With a three- 
dimensional noncontacc surface profiler, WYKO TOPO- 
3D. showed that the average microrougtmess at walers 
after 10 times cleaning, 0.5 nm, was identical to that 
after first cleaning. Therefore the increase in the particle 
number with the number of cleaning cycles .s not due to 
the increase in the microrougtmess. 

Mechanical damage due to the lapping process of he 
wafers may remain even after the polishing process (20 
„m off in this case) and may be the origin of the increase 
in the particle number. However, the duplicated 




Fig. I. Relationship between Ihe niunber 
of desuiing cyvles. 
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polishing by 20 * 2 10 remove the damage resulted in 
no change in the number of particles. Thus the lapping-in- 
duced damage is not the origin of the panicles. 

Figure 2 shows ihe result of repeated cleaning of epitax- 
ial wafers (thickness of the epitaxial layer was 10 jim) 
ihe same cleaning facility as use.d in Fig. 1 . The open 
circles indicate the average numbers of small particles 
after repeated cleaning on 5 as-received epitaxial wafers; 
the filled Circles indicate those on 5 epitaxial wafers 
polished off by 5 *im. It is clear that the number of par- 
iicles on epitaxial wafers i$ not larger than 5 and does not 
increase with the number oF cleaning cycles. These par- 
ticles seem to be the dust on wafers after cleaning; the 
number of dust is almost constant for each cleaning proc- 
ess. Thus the increase in the particles number shown in 
Fig. 1 must be caused by someLhing other than the dust. 
Figure 2 also clarifies that the mechanical damage clue to 
the polishing process, if any, does not increase the 
number of the small-size particles. 

Figure 3 shows the crystal dependence of the number 
of particles. The circles indicate the average numbers of 
small panicles after repeated cleaning on 25 wafers of 
crystal A; the triangles indicate those on 25 wafers of 
crystal B. Crystals A and B were grown by using different 
growing systems. The rate of increase in the number of 




particles with the number of cleaning cycles differs great- 
ly between the two crystals. It is plausible chat the in- 
crease in the particle number with the number of cleaning 
cycles originates in some singularity in the melt-grown 
crystal. Measurements of the panicle numbers on 25 CZ 
wafers (oxygen concentrations: 0.9- 1- 1 * 10 
atoms/cm 1 ) and 25 magnetic field-applied Czochralski 
(MCZ) wafers (oxygen concentration: 0.6x10' 
atoms /cm J ) led to the conclusion that the particle 
number does not depend on the oxygen concentration If 
a similar growing system is used. 

Next, the particle distributions on 25 wafers after 
repcaced cleaning were inspected in detail. As a result, 
36% of the small panicles on wafers after the first clean- 
ing remained as small panicles in the same position after 
the second cleaning. On the other hand, \1% changed 
into medium-size particles and 52% disappeared during 
the second cleaning. Since the reproducibility of the pani- 
cle position by the laser particle counter is not very ac- 
curate, the majority of small particles seem to remain as 
particles after the subsequent cleaning process; some re- 
main as small particles and other panicles change size to 
the medium range. Figure 4 shows an example. A small 
particle indicated by an arrow changed into the medium 
Size after the 4th clcaniog and further changed into the 
large size after the 7th cleanfing. Observations or such 
enlarged particles after 16 cleaning cycles were perform- 
ed using a stereo-SEM. An example is shown in Fig. 5. A 
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Fig- 2. Relationship b^ween the number of small particles on cpiiax- 
iaJ wafers and the number r>f cleaning cycles. 




Small Size 
After 1st cleaning 




Fig. 
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1. The Cfy«M dependence Ol* ihe number of the panicles. 




Medium Size 
After 4th cleaning 



Large Size 

After 7th cleaning 



R&. 4. The panicle distribution On a wafer after repealed cleaning. 
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SEM image 
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Sectional profile 



Pig. 5, An observation of an enlarged particle by SieT*P SEM. 



shallow pU 0.5 M*n in diameter and 0.06 >m> deep was 
found. Such small, shallow pits are rarely detected by 
normal SEM. Analyses oF such pits by EPMA did not 
reveal the existence of metal impurity elements. 

The important results obtained by this study are that 
the number of the particles increases with repeated SCI 
cleaning and some of the particles change into the larger 
size range. This can be explained on the basis of a model 
shown in Fi$. 6. By the etching effect of SCl cleaning, a 
very thin surface layer is etched off by each cleaning proc- 
ess and the origins of pits within this surface layer make 
pits. If the origins of the pits exist randomly in the 
crystal, etching by the successive cleaning must make new 
pits. U is also assumed that the etching rate of SCl clean- 
ing is independent of the crystal orientation. If this is the 
case, the bottom and the side wall of a pit are etched ai 
the same rate by successive cleaning process. Since the 
surface of the wafers is etched off at the same rate as the 
pits's inner surface, the depth of the pit does not change 
by the repeated cleaning* but the width of the pit 
enlarges. Thus, the laser particle counter detects in- 
creases \t> the number and size of the "particles." 



The origins of the pits 



The pits enlarged by repeated cleaning 

Fig. 6. Schematic drawings 0 f the origins of the pits and the pits 
enlarged by repeated cleaning. 



The authors presume thai the origin of the pits is some 
new type of defect in the melt-grown Si crystal. Pits are 
formed at such origins by SCl cleaning and are detected 
by the laser particle counter as "particles**. The authors 
named such "panicles" crystal-originated "panicles" 
(COPs), Investigations into the relationship between the 
crystal characteristics and COPs are in process. 

In summary, a new type of singularity (COP) on Si 
wafer surfaces was discovered- Such singularities are 
formed by SC 1 cleaning of Si wafers and detected by the 
laser particle counters as small-size particles on wafers. It 
has been shown that the singularities are due neither 10 
the dust on wafers nor to the micro roughness of the sur- 
face as a result of the etching during the cleaning process; 
the effects of the lapping and polishing process are also 
discounted. Detailed inspections confirmed that the 
singularities are indced shallow pits on the wafer surface. 
The origins of COPs are presumed to be defects in [he 
mdt-grown Si crystals. 
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